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Description

[0001] Theinventionis directed to a method for moving
a tool of a CNC machine over a surface.

[0002] While a tool is moved over the surface of a part
by a CNC machine, the tool is, in general, performing
some kind of treating on the part. The result of the treat-
ment is dependent on treating the surface under optimal
conditions, like treating the surface under predetermined
angles and in preferred directions associated with the
structure of the material. To achieve good results for
treating, a preferred path for moving the tool during treat-
ing is defined based on a model of the shape of the sur-
face as it is expected to be formed based on theoretical
considerations.

[0003] However, if the part has undergone steps of
treatment before, some wear may have been occurred
which has the consequence that the actual shape of the
part to be processed is somewhat different from its the-
oretical shape. So, following the preferred path for further
treating the surface leads to working on the surface in
positions, directions and/or under angles which differ
from the ones planned for optimal treatment. Particularly
near ranges with large curvatures, like edges, the differ-
ences between the planned and the actual working con-
ditions for the tool may be considerable.

[0004] To obtain a better adaptation of the treatment
to the actual shape of the surface of the part, the system
disclosed by WO 2007/016919 teaches determining op-
timal paths for moving the tool, based on geometry data
of the desired 3D surface and of the tool. The disclosed
system may be combined with a mechanical or non-con-
tact measurement process (like LASER measurement)
to obtain intelligent and autonomous processing of the
surface. 3D-shapes of the surface, tolerances as well as
roughness and resistance of the surface are taken from
the drawing program and performed by the disclosed sys-
tem.

[0005] Moreover, the article "Hdmmern bis zum
Glanz", werkzeug & formenbau, March 2007, page 36,
mentions a method of hammering a surface where , after
having exchanged a previous tool against a hammer tool
and keeping the part in its mounting for further treatment,
the CAM-system can apply a correction to the preferred
path of the tool, based on the existing CAM program.
[0006] However,in both cases, the tool is moved along
a path, derived from existing geometry data or an existing
CAM program, before treating the surface. The CNC ma-
chine according to the prior art is not provided with a
possibility of changing the direction of moving the tool
over the surface to preserve optimal working conditions,
in particular, working under optimal angles and/or in op-
timal directions, if differences between the theoretical
and the actual shape of the surface are detected during
treatment. So, in the case of differences between theo-
retical and actual shape, e.g. caused by wear of a part
during former production steps, processing the surface
is performed, according to the prior art, along a prede-
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termined path which is optimized based on predeter-
mined conditions, but is not adapted to the actual shape
of the surface. Particularly, WO2007/016919 does not
provide any further explanation of what is measured and
how the measurement is accomplished. Moreover,
W02007/016919 does not specify in which way the ad-
ditional measurement process may be employed to ob-
tain better treatment results.US4967365 discloses a
method and an apparatus for adaptive control of the path
of movement of a working tool during a working process
for providing curved surfaces with a required geometric
shape. In US4967365, the machine tool treats the sur-
face according to certain treatment parameters.
US4967365 also comprises a sensor unit which produc-
es ultrasonic stochastic signals which are generated by
the contact the working tool with the workpiece. Based
on the response value of the sensor unit, the adaptive
control system in US4967365 corrects trajectories or
movements of the working tool and/or the treatment pa-
rameters which have been predetermined for treating the
surface. A way of changing the direction of movement
over the surface to follow a different path which is better
adapted to the actual shape of the surface in reaction to
a response of the tool determined during treating of the
surface is not disclosed in the prior art.

[0007] In addition, determining the actual shape of the
surface based on measurement values obtained by an
additional tracking device (like a LASER) implies the dan-
ger of introducing measurement errors involved by an
offset between the point where the tool treats the surface,
and the point where measurement is carried out.
[0008] Hence, there is a need for a method of moving
a tool of a CNC machine over a surface which provides
an optimized result for processing the surface.

[0009] The method of claim 1 solves this problem by
providing a method according to claim 1, a CNC machine
according to claim 10, a CNC machine controller accord-
ing to claim 12 and a computer program product accord-
ing to claim 13.

[0010] In particular, the invention provides a method
formoving atool of a CNC machine over a surface where-
in the CNC machine is provided with a sensor unit, com-
prising the steps of:

(a) moving the tool over the surface in a predeter-
mined direction and/or with a predetermined velocity
and/or along a predetermined path,

(b) treating the surface by the tool,
(c) determining, by the sensor unit, aresponse value
indicating a response of the tool to treating the sur-

face and/or to being pressed to the surface,

(d) determining a new direction and/or a new velocity
and/or a new path based on the response value.

[0011] Changing the path based on the actual shape
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of the surface as determined during processing can pro-
vide a way of moving the tool over the surface wherein
it is oriented to the surface in a way which is better suited
for treating the surface in its actual shape.

[0012] In addition, determining the actual shape of the
surface based on measurement values by a response of
the tool itself instead of a response of an additional track-
ing or measurement device avoids the danger of system-
atic measurement errors involved by an offset between
the point where the tool treats the surface, and the point
where measurement is carried out. Thus, the basis for a
more accurate measurement of the actual surface is pro-
vided by the claimed method.

[0013] The CNC machine may be a robot.

[0014] Step (b) may be carried out in accordance with
a predetermined value of a treatment parameter. The
value of the treatment parameter may describe in which
way step (b) is executed. In addition or alternatively to
step (d), a new value for a treatment parameter may be
determined. There may be more than one treatment pa-
rameter.

[0015] This methodincludesthe feature of determining
a new direction and/or a new path for moving the tool,
based on the determination of a response to treating the
surface with the tool. So, treating the surface can be
adapted to the actual working conditions that are encoun-
tered by the tool. In the case of treating the surface under
a non-optimal angle or in an unfavourable direction
(which may be reflected by unexpected responses to
treating the surface), the method according to claim 1
offers the possibility of changing the direction of move-
ment over the surface and/or changing the path of the
tool to obtain treating conditions which are better adapted
to the actual shape of the surface. In particular, the di-
rection of moving the tool over the surface may be
changed to move the tool along a path where the curva-
ture of the actual surface is lower than along a predeter-
mined path. So, the method of claim 1 provides an opti-
mized result for processing the actual surface of a part.
[0016] Step (a) and step (b) may be performed simul-
taneously. Alternatively, step (a) and step (b) may be
performed at different time intervals. In particular, there
may be time intervals where the tool is moved over the
surface without treating the surface, and other time in-
tervals where the surface is treated without moving the
tool over the surface. Those time intervals may be alter-
nating.

[0017] The steps (a) of moving the tool and (b) of treat-
ing the surface are adapted with respect to the surface
by performing the determining step (d). The new values
determined in step (d) may be the predetermined values
in step (a) and/or in step (b).

[0018] Step (a) may be performed at the same time as
step (b), or step (a) may be performed alternately with
step (b). Steps (a) and (b) may be performed several
times, in particular, more than one time, before step (c)
and (d) are carried out.

[0019] The method may be carried out several times
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subsequently. The new direction and/or new velocity
and/or new path and/or new value for a treatment param-
eter of step (d), which have been determined while the
method has been carried out at a first time, may be used
as predetermined values when the method is carried out
at a second time, wherein the second time is later than
the first time. Between the first time and the second time,
the method may be carried out one or more times. Alter-
natively, between the second time and the first time, steps
(a) and/or (b) may be carried out several times.

[0020] In this way, steps (a) and/or (b) may be adapted
to the determined response of the surface to the treat-
ment.

[0021] The tool may be any of the kinds of tool which
are used in connection with CNC machines. In particular,
the tool may be a hammer, a drill, a cutter or a planer.
The operation of treating the surface may correspond to
the employed tool. In particular, treating the surface may
be hammering, polishing, planishing, smoothing, cutting
or drilling.

[0022] The new direction, new velocity and new path
mentioned in step (d) may be new with respect to the
predetermined direction, predetermined velocity and pre-
determined path referenced in step (a). The new value
for a treatment parameter in step (d) may be new with
respect to the predetermined treatment parameter refer-
enced in step (b).

[0023] Step (d) may be based on treatmentrules spec-
ifying how to determine a new direction and/or a new
velocity and/or a new path and/or a new value specifying
how to treat the surface by the tool based on a response
value determined in step (c).

[0024] Step (d) may be based on a model of the sur-
face.

[0025] Alternatively or in addition, in step (d), the de-
termined direction and/or the determined velocity and/or
the determined path and/or the determined value of the
treatment parameter may be determined based on a
model of the surface.

[0026] The model of the surface may comprise coor-
dinates of locations on the surface, in particular, three-
dimensional coordinates. For at least a part of the sur-
face, the model may comprise data of directions, of ve-
locities and/or of values of a treatment parameter which
are associated with locations in at least the part of the
surface. The model of the surface may comprise a math-
ematical formula and/or parameters of a mathematical
formula describing all or part of the surface. The model
can be a theoretical model, and/or may be based on a
mathematical model. The model may be available prior
to treating the surface.

[0027] The model may comprise path data. Path data
may comprise three-dimensional coordinates of the lo-
cations of a path of the tool. The path may be determined
by theoretical considerations. The model may further
comprise data indicating the order of the locations along
the path. All or part of the path of the tool may be stored.
[0028] The path data may comprise velocities at loca-
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tions along the path and/or values of a treatment param-
eter at locations along the path.

[0029] The model may be used to determine, in step
(d), a direction and/or a velocity and/or a path and/or a
value for a treatment parameter which is/are applied after
the sequence of steps (a) to (d) or of steps (a) and (b)
has been carried out one or more times subsequently to
the determination.

[0030] Applying the determined direction and/or the
velocity and/or the path and/or the value for a treatment
parameter may comprise using the direction and/or the
velocity and/or the path in step (a) and/or using the value
for the treatment parameter in step (b).

[0031] The model may be based on path data.

[0032] The path data may comprise three-dimensional
coordinates of locations along a path of the tool. The path
data may further comprise data of velocities and/or of
directions and/or of values of a treatment parameter.
These data may correspond to the coordinates of loca-
tions along a path.

[0033] The path data may be specified in a coordinate
system where two coordinates, in particular, an x and a
y-coordinate, describe a location on a support plate of
the CNC machine, and a third coordinate, in particular,
a z-coordinate, describes the distance of a location from
the support plate of the CNC machine. In particular, the
coordinate system may be orthogonal, such that an x-
direction and a y-direction of the coordinate system are
perpendicular to each other and are both parallel to a
support plate of the CNC machine, and a z-direction is
perpendicular to the x-direction and the y-direction.
[0034] Using a model based on path data spares the
effort of providing a model of the surface prior to working
on it. In addition, using a model of the surface based on
path data has the advantage of representing the surface
to be treated more exactly.

[0035] Step (d) may not be based on a theoretical
and/or mathematical model of the surface. Alternatively
orin addition, the model may be based on path data. The
path data may refer to locations in at least a part of the
surface. In particular, the model may be based on path
data corresponding to locations within a predetermined
distance from the current position of the tool.

[0036] The sequence of steps (a) to (d) may be carried
out several times successively by the CNC machine. In
step (d), determining a new direction and/or a new ve-
locity and/or a new path and/or a new value for a treat-
ment parameter may be based on one or more of the
response values which have been obtained during car-
rying out the sequence of steps (a) to (d).

[0037] Inparticular, determining a new direction and/or
a new velocity and/or a new path and/or a new value for
a treatment parameter may be based on one particular
response value which has been obtained before carrying
out the sequence of steps (a) to (d) by a given amount
of times directly before the determining.

[0038] If the tool has been moved to or beyond a pre-
determined borderline, the tool may be displaced by a
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predetermined distance and the new direction may be
determined as the reverse of the previous direction.
[0039] The borderline may be an upper or lower limit
for coordinates of locations on the surface. The border-
line may be represented by a line, which may be de-
scribed by a mathematical equation. The borderline may
be represented by limitations of a space described by an
equation. The borderline may also be represented by a
set of locations on a line or surface limiting the region
where the tool may be moved in.

[0040] If the tool has arrived at a predetermined bor-
derline, then the new path may be parallel to the path
which the tool has followed until arriving at the borderline,
but displaced by a predetermined distance. The tool may
be moved along the new path in the direction opposed
to the direction in which the tool has been moved until
reaching the borderline.

[0041] The direction of displacing the tool may be
crosswise with respect to the direction in which the tool
has reached the borderline, or may be perpendicular with
respect to that direction, or may be into the direction of
the borderline.

[0042] The tool may be moved between at least two
predetermined borderlines. In this case, the tool may be
moved along parallel paths between the borderlines,
where the parallel paths are separated by a displacement
applied to the tool when the tool has reached the border-
line.

[0043] Step (d) may be based on path data which have
been determined while the tool has been moved, by the
CNC machine, along a first path which may be close to
the current path of the tool, in particular, parallel to the
current path. In this way, the CNC machine moving the
tool to a particular region may have a possibility to con-
sider parameters which had been selected under condi-
tions at a location which may be close to the region where
the tool is moved towards.

[0044] Step (c) may comprise providing, by the sensor
unit, data indicating a deflection of the tool and/or indi-
cating a force experienced by the tool when treating the
surface, in particular, experienced in response to an im-
pact of the tool to the surface.

[0045] The sensor unit may comprise a distance sen-
sor and/or a deformation sensor and/or a deflection sen-
sor and/or a force sensor. There may be one or more
sensors employed to carry out the invention.

[0046] In particular, a plurality of at least three sensors
may be arranged to sense an effect in three different
directions, in particular, wherein the sensors are ar-
ranged in three directions perpendicular to each other.
[0047] Step (c) may comprise providing, by the sensor
unit, data indicating deflections in one direction only,
and/or providing data indicating forces in one direction
only. Step (c) may comprise providing, by the sensor unit,
data indicating deflections in at least three different di-
rections, in particular, in directions perpendicular to each
other, and/or providing data indicating forces in at least
three different directions, in particular, directions perpen-
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dicular to each other. The force experienced by the tool
may be caused, at least in part, by pressing the tool to
the surface.

[0048] The force experienced by the tool may be a
counteracting force to a force applied by the tool to the
surface. In particular, the force experienced by the tool
may be aresponse to an impact of the tool to the surface.
[0049] The deflections of the tool may be determined
in relation to a coordinate system fixed to a component
of the CNC machine.

[0050] Step (c) may comprise providing, by the sensor
unit, data for determining an elasticity value of the sur-
face.

[0051] The elasticity value may be the modulus of elas-
ticity (Young’s modulus). The elasticity value may be
Hooke’s constant, or may represent a balk modulus or a
shear modulus, as found, in particular, in Hooke’s law for
isotropic media.

[0052] A treatment parameter may be one of a force,
a frequency or a time delay of the treatment to be per-
formed by the tool, or a distance between the tool and
the surface.

[0053] The force may indicate the force by which the
tool presses to the surface, or the normal component of
the force by which the tool presses to the surface. The
force may be the force exerted on the tool to enable it to
treatthe surface. The force may be caused by an actuator
influencing the tool. Alternatively or in addition, the force
may be caused by trying to move the tool in a direction
towards the surface when the tool already touches the
surface. The frequency may be a measure of how often
the tool touches the surface in a given time interval. The
time delay may be the time interval between the moment
when the tool starts to move towards the surface and the
moment when it touches the surface. The time delay may
also be the time interval between touching the surfaces
two times subsequently by the tool. There may be more
than one treatment parameter.

[0054] The tool may be carried by a toolholder. The
toolholder may be part of the CNC machine. It may be
possible to insert the tool into the toolholder. The tool
may comprise a guiding component which permits at-
taching the tool to the toolholder. The guiding component
may move together with the tool when the tool treats the
surface. The guiding component may be fixed to the tool-
holder or to another part of the CNC machine.

[0055] Step (a) may comprise that, while moving the
tool, the tool may be in contact with the surface.

[0056] Treating the surface may comprise continuous-
ly exerting a force on the tool to press the tool to the
surface. The force may be exerted on the tool by an ac-
tuator. The force exerted on the tool may be caused by
an actuator, and/or by varying the velocity vector of the
tool, i.e. by varying the velocity and/or the direction of
movement of the tool over the surface. The direction of
moving the tool over the surface may be varied by chang-
ing to a new path for moving the tool.

[0057] In particular, the tool may be in continuous con-
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tact with the surface.

[0058] Step (a) may comprise that, while moving the
tool, the tool may not be in continuous contact with the
surface, in particular, the tool may be at a fixed distance
from the surface.

[0059] In particular, the tool may be moved over the
surface only without contact to the surface.

[0060] The tool may be surrounded by a cylinder. The
cylinder may have contact to the surface.

[0061] The cylinder may have continuous contact to
the surface. The cylinder may ensure that the tool and/or
the actuator of the tool has afixed distance to the surface.
The cylinder may act as a protection of the tool. The cyl-
inder may act as a support for an actuator used for treat-
ing the surface by the tool, and/or as a support for the
sensor unit

Step (c) may comprise providing, by the sensor unit, data
indicating a distance between the tool and the surface,
in particular, the time interval between a time when the
tool starts to be accelerated towards the surface and a
time when the tool touches the surface. Data indicating
the distance between the tool and the surface may be
determined even attimes when the tool may have contact
to the surface, and/or in the case that the tool may be
surrounded by the above-mentioned cylinder.

[0062] The force for treating the surface by the tool
may be exerted on the tool by an actuator. The actuator
may be one of an oscillating mechanical device, an ul-
trasonic oscillator, a device driven by an oscillating field,
a device comprising a magnetic actuator, or any other
system capable to transfer a vibration or an impact on
the surface. The actuator may be comprised by the CNC
machine. The actuator may be controlled by a sinusoidal
signal.

[0063] Step (d) may comprise keeping the force which
may be applied to the surface by the tool constant and/or
within a predetermined tolerance range.

[0064] The force applied to the surface by the tool may
also comprise a component which may be caused by
moving the tool over the surface in a direction which has
a component in the direction where the tool is driven by
the actuator

To keep the force applied to the surface constant or within
a predetermined tolerance range, the force exerted on
the tool by the actuator and a force component caused
by pressing the tool to the surface by moving it in a di-
rection which may not be perpendicular to the force ex-
erted by the tool in response to being driven by an actu-
ator may be adapted such that their sum remains con-
stant and/or within the predetermined tolerance range.
[0065] The force which may be applied to the surface
by the tool may comprise a component which may be
exerted on the tool by an actuator. The force applied to
the surface by the tool may also comprise a component
which may be caused by pressing the tool to the surface
by the CNC machine.

[0066] The force which may be kept constant and/or
in a predetermined tolerance range may have a direction
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perpendicular to a tangential plane of the surface at a
point where the tool touches the surface.

[0067] Treating the surface may comprise hammering
onto the surface.

[0068] In this case, the tool may be a hammer. The
hammer may be used to micro-forge the surface. The
hammer may be carried by a toolholder. The toolholder
may be part of the CNC machine. It may be possible to
insert the hammer into the toolholder. The hammer may
comprise a guiding component which permits attaching
the hammer to the toolholder. The guiding component
may support the motion of the hammer in the toolholder.
The guiding component may move together with the
hammer tool when the hammer treats the surface. The
guiding tool may be fixed to the toolholder or another part
of the CNC machine.

[0069] Treatment parameters for a hammer tool may
be a force, a frequency and/or a time delay. The force
parameter may indicate the force by which the hammer
strikes the surface, or the normal component of the force
by which the hammer strikes the surface. The force pa-
rameter may also be the force experienced by the ham-
mer in response to striking the surface. The frequency
parameter may be a measure of how often the hammer
strikes the surface in a given time interval. The time delay
parameter may be the time interval between the moment
when the hammer starts to move towards the surface
and the moment when it touches the surface. The time
delay parameter may also be the time interval between
touching the surfaces two times subsequently by the
hammer.

[0070] The sensor unit may provide a time when the
hammer starts moving towards the surface, and a time
when the hammer touches the surface.

[0071] A force may be exerted by the hammer to the
surface at a stroke of the hammer. The force by which
the hammer is driven by the actuator to perform a stroke
may be a treatment parameter. The treatment parame-
ters may be determined such that, at the stroke of a ham-
mer, the magnitude of the component of the force exerted
on the surface by the hammer in the direction of the strik-
ing hammer remains within a tolerance range, in partic-
ular, remains constant, for a plurality of hammer strokes,
in particular, of successive hammer strokes.

[0072] Alternatively, the treatment parameters may be
determined such that, at the stroke of a hammer, the
magnitude of the force component perpendicular to the
surface at points where the hammer strikes remains with-
in a tolerance range, in particular, remains constant for
a plurality of hammer strokes, in particular, of successive
hammer strokes.

[0073] The time interval in which the magnitude of the
force component in the direction of the striking hammer
or of the force component perpendicular to the surface
at points where the hammer strikes remains within a tol-
erance interval may be larger than the time interval be-
tween two successive hammer strokes, in particular,
10000 times, 1000000 times or 1000000000 times larger.
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[0074] A force may be exerted by the hammer to the
surface while the hammer does not perform a stroke. The
force by which is the hammer is driven between two ham-
mer strokes by the actuator may be a treatment param-
eter. The treatment parameters may be determined such
that, between two successive hammer strokes, the mag-
nitude of the component of the force exerted on the sur-
face by the hammer in the direction of the striking hammer
remains within a tolerance range, in particular, remains
constant.

[0075] Alternatively, the treatment parameters may be
determined such that, between two successive hammer
strokes, the magnitude of the component of the force
exerted on the surface by the hammer in the direction
perpendicular to the surface at the location where the
hammer is in contact with the surface remains within a
tolerance range, in particular, remains constant.

[0076] Determining appropriate treatment parameters
may be achieved by selecting the direction and velocity
of moving the hammer over the surface as well as se-
lecting the force by which the hammer strikes such that
the sum of all forces applied to the surface at a time when
the hammer strikes remains within a tolerance interval,
in particular, remains at a constant value.

[0077] Adaptation of the force by which the hammer
strikes to the surface may be based on information ob-
tained at a preceding hammer stroke, in particular, at the
directly preceding hammer stroke.

[0078] Step (b) may comprise pivoting the tool by the
CNC-machine.

[0079] In this case, the treatment parameter may be
an angle, in particular, an angle by which the tool may
be pivoted.

[0080] The invention further provides a CNC machine,
which is configured to move a tool of a CNC machine
over a surface, comprising:

a moving unit configured to move the tool in a pre-
determined direction and/or with a predetermined
velocity and/ or along a predetermined path,

a treatment unit configured to treat the surface by
the tool in accordance with a predetermined value
of a treatment parameter,

a sensor unit configured to determine a response
value indicating a response of the tool to treating the
surface and/or to being pressed to the surface,

a decision unit configured to determine a new direc-
tion and/or a new velocity and/or a new path and/or
a new value for the treatment parameter based on
the response value.

[0081] The CNC machine may be a robot.

[0082] In addition, the invention provides a CNC ma-
chine controller, configured to carry out the above-men-
tioned methods.
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[0083] The CNC machine controller may be the con-
troller of a robot.

[0084] The invention also provides a computer pro-
gram product, comprising one or more media readable
by a CNC machine, carrying instructions thereon for per-
forming the steps of the above-mentioned methods when
run by the CNC machine.

[0085] The media may be readable by arobot, carrying
instructions thereon for performing the steps of the
above-mentioned methods when run by the robot.
[0086] Further aspects of the invention will be de-
scribed below with reference to the attached figures.
Figure 1  illustrates an exemplary embodiment of a
CNC machine in accordance with the inven-
tion in a schematic way.

Figure 2  schematically illustrates an example embod-
iment of a machining unit in accordance with
the invention.

Figure 3 illustrates an exemplary arrangement of sen-
sors in a sensor unit according to the inven-
tion in a schematic way.

Figure 4  schematically illustrates, in an exemplary
way, the variation of the force exerted onto
the surface by the tool with varying direction
of movement of the tool.

Figure 5 schematically illustrates an example where
the counteracting force experienced by a
hammer tool is not directed into the direction
of a hammering stroke.

Figure 6 schematically illustrates, in an exemplary
way, a method of controlling the impact of a
hammer onto a surface by measuring the
time interval according to the invention.
Figure 7 illustrates an exemplary embodiment of the
invention where the distance between an ac-
tuator with atool and the surface to be treated
is kept at a minimum by a cylinder inserted
between them.

[0087] Exemplary embodiments of the invention are
described in the following. In particular, the tool which is
moved by a CNC machine is described as being a ham-
mer in some embodiments. However, the invention is not
limited to be applied to the tool being a hammer, nor is
the invention limited to the described examples.

[0088] Figure 1 illustrates an embodiment of a CNC
machine in accordance with the invention. The body 110
of the CNC machine comprises a stage 115 where a part
140 to be treated is mounted. The CNC machine is used
to work on the surface 150 of the part 140.

[0089] The CNC machine also comprises a machining
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unit 120. The machining unit comprises a sensor unit of
the CNC machine. The machining unit also comprises
an actuator unit which carries the tool 130 which actually
touches the surface 115 of the part 140 and performs
work on the surface 115. The actuator unit may include
a toolholder for carrying the tool 130.

[0090] The CNC machine moves the machining unit
together with the tool over the surface of the part, while
the tool treats the surface. In a particular embodiment,
the tool is a hammer, and the CNC machine moves the
hammer up and down to perform hammering on the sur-
face.

[0091] To enable the CNC machine to performits task,
the CNC machine executes a CNC control program 160.
The control program enables the CNC machine to move
the machining unit carrying the tool over the surface. The
CNC control program may use a mathematical descrip-
tion of the surface to determine the way of moving the
tool. The mathematical description of the surface may
have been determined based on the expected form of
the part to be treated and may have been loaded into a
storage of the CNC machine prior to actually working on
the part. The CNC machine may also use a model of the
surface to determine the way of moving the tool, where
the model may be built by the CNC machine based on
data obtained by the CNC machine while the tool is
moved over the surface.

[0092] Inanembodimentofthe invention,the CNC ma-
chine also comprises a sensor unit control 170. The sen-
sor unit control receives data from sensors comprised in
a sensor unit, which is part of the machining unit 120.
The sensor unit may comprise sensors for measuring
forces as well as for measuring deflections. The sensor
unit may also comprise sensors for measuring distances.
In this way, the sensor unit may provide, by using its
sensors, information about the position and orientation
ofthetool 130, e.g., ahammer, with respect to the surface
of the part. Moreover, the sensor unit may also provide
information about the forces acting on the tool 130. If the
tool is a hammer, the sensors in the sensor unit may
provide measurement values comprising information
about the force of thrusting down the hammer onto the
surface, as well as about the reaction force experienced
by the hammer in response to striking the surface.
[0093] The sensorunitcontrol 170 ofthe CNC machine
receives data based onthe measurements of the sensors
in the sensor unit. The sensor unit control 170 may also
receive information about the time when a sensor has
acquired data. In this way, information about the force
exerted by the CNC machine to the part 140 (i.e. the
"machining force") at a given location may be derived by
the sensor unit control 170. In particular, the sensor unit
in the machining unit 120 may comprise sensors for
measuring forces exerted into different directions, in par-
ticular, into at least three different directions. The sensor
unitin the machining unit 120 may also comprise sensors
for measuring deflections into different directions, in par-
ticular, into at least three different directions. Based on
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the information provided by the sensor unit, the sensor
control unit 170 may be enabled to reconstruct the ori-
entation of the surface, i.e. derive a three-dimensional
vector normal to the surface, at a point where the surface
is touched by the tool 130.

[0094] The tool 130 attached to the machining unit 120
may be moved by an actuator which is part of the ma-
chining unit. In particular, the actuator may exert a force
on the tool to press it down onto the surface. The actuator
may be controlled by the actuator control 180 comprised
in the CNC machine. The actuator control 180 may be
employed by the CNC machine to control the force which
is exerted onto a given point of the surface by means of
the tool 130 carried by a toolholder in the machining unit.
In the case of the tool 130 being a hammer, the actuator
control may determine the velocity and/or the force by
which the hammer hammers onto the surface 150.
[0095] As the CNC machine comprises the CNC con-
trol 160 as well as the sensor unit control 170 and the
actuator control 180, the CNC machine may control the
direction and velocity of moving the tool 130 based on
information provided by the sensor control unit 170, in
particular, information referring to the orientation and/or
the force by which the surface is treated. Based on this
information, the CNC machine may adapt the effect of
the tool 130 by controlling the tool 130 by means of the
actuator control 180.

[0096] The system comprising the CNC machine, the
machining unit 120 and the tool 130 may be calibrated
such that there is a known relation between the values
provided by the sensor unit, the position of the tool 130
and the forces applied to the tool 130.

[0097] Figure 2illustrates an embodiment of a machin-
ing unit 120 comprising a hammer used in place of tool
130 in Figure 1. Attached to the body 110 of the CNC
machine is its machining unit 120, which comprises a
sensor unit 220 and an actuator unit 230. An exemplary
sensor unit 220 is described in WO 88/05524.

[0098] The actuator unit 230 may be one of an oscil-
lating mechanical device, an ultrasonic oscillator, a de-
vice driven by an oscillating field, a device comprising a
magnetic actuator or any other system capable to trans-
fer a vibration or an impact on the surface.

[0099] A hammer 240 is attached to the actuator unit
230. The actuator unit 230 may comprise a toolholder for
carrying the hammer. Moreover, the hammer may com-
prise a guiding component which allows inserting it into
the toolholder or the actuator unit. Below the hammer is
the surface 150 of the part 140 to be treated.

[0100] During operation of the CNC machine, the ham-
mer may be moved with continuous contact to the sur-
face, as illustrated by Figure 2a, or the hammer 240 may
be lifted above the surface and may be hammered down
to the surface from time to time, thus being in touch with
the surface only part of the time while the hammer 240
treats the surface, as is illustrated by Figure 2b.

[0101] The exemplary sensor unit of this embodiment
comprises atleast one deflection sensor 250. The atleast
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one deflection sensor 250 is configured to measure de-
flections of the hammer 240 with respect to the body 110
of the CNC machine. The deflections may be measured
between the tip of the hammer 240 and the upper edge
of the machining unit 120 where it is connected rigidly to
the body 110 of the CNC machine, or with respect to
another point of the body 110 of the CNC machine or of
that part of the sensor unit 220 which is rigidly connected
to the body 110. The at least one deflection sensor 250,
on detecting a deflection, issues a corresponding signal
which is forwarded, preferably in a processed form, to
the sensor control unit 170. The at least one deflection
sensor 250 may be a distance and/or deformation sen-
sor. The deflection sensor may be based on springs, in
particular, on leaf springs and/or on dampers.

[0102] The exemplary sensor unit of this embodiment
also comprises at least one force sensor 260. The force
sensor 260 is configured to be sensitive to forces be-
tween the part of the sensor unit 220 which is connected
to the actuator 230, and the part of the sensor unit 220
which is connected to the body 110 of the CNC machine.
The force sensor 260, on detecting a force, issues a cor-
responding signal which is forwarded, preferably in a
processed form, to the sensor control unit 170. The at
least one force sensor may be based on determining de-
formations and/or the change of distances, in particular
by using springs and dampers.

[0103] Figure 3 illustrates an example of an embodi-
ment with an arrangement of sensors which are capable
to sense the magnitude of deflections of a test object 310
as well as forces exerted on the test object. Such an
arrangement of sensors may be comprised in the sensor
unit 220. The test object 310 may be a component of the
actuator 230 or of the tool 130.

[0104] Inthe exemplary arrangementof Figure 3, three
deflection sensors 320, 340 and 360 are attached to the
test object 310. The sensors are arranged such that a
deflection of the test object and/or of part of the test object
can be detected in three directions which are perpendic-
ular to each other, i.e. in three Cartesian directions. If the
test object is deflected in any direction, for example, bent
or shifted, then the components of the deflection project-
ed onto each of the three directions corresponding to the
orientation of the deflection sensors are sensed by the
respective sensor.

[0105] Inthe embodiment of Figure 3, three force sen-
sors 330, 350 and 370 are attached to the test object 310
as well. The force sensors are arranged such that the
vector of any force applied to the test object 310 can be
detected. In particular, the force sensors may be ar-
ranged in three directions which are perpendicular to
each other, i.e. in three Cartesian directions.

[0106] Inanother embodiment, three distance sensors
are employed to sense deviations of the test object from
its theoretical position. The distance sensors may be ar-
ranged such that the distance between the test object
and each of the sensors can be sensed, wherein each
of the three sensors senses the distance between the
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test object and the sensor along a different direction and
the three directions along which the distance is measured
are linearly independent. In particular, the three sensors
may be placed on a support base in positions which are
mutually offset by 120 degrees against each other. Such
an arrangement of sensors and its usage is illustrated in
more detail in WO 2004/033147.

[0107] If a force is applied to the test object in any di-
rection, then the components of the applied force pro-
jected onto each of the three directions of the force sen-
sors are sensed by the respective force sensor.

[0108] The force sensors as well as the deflection sen-
sors may be comprise distance and/or deformation sen-
sors. The force as well as the deflection sensors may be
based on determining the behaviour of springs and/or
dampers.

[0109] The system comprising the sensor unit control
170, the machining unit 120 and the tool 130 may be
calibrated in such a way that the relation between the
effects detected by the sensors in the sensor unit 220
and the position of the tool 1130 as well as the force
experienced by the tool is known.

[0110] In the embodiment described in the following
with respect to Figure 4, the tool 130 is moved in contin-
uous contact with the surface 150. In this embodiment,
the tool is moved over the surface while, a constant basis
force Dy 420 normal to the surface 150 is exerted on the
surface.

[0111] Thebasisforce Dy420 may be caused by press-
ing the tool onto the surface by means of the actuator
(for example, if the tool is a hammer, by causing to ac-
tuator to strike the hammer down), and/or by moving the
machining unit 120 closer to the surface. By moving the
machining unit 120, which includes the sensor unit 220,
closer to the surface, the force exerted by the tool 130
to the surface 150 may increase due to elastic forces
effected by springs in the machining unit 120, in partic-
ular, in the sensor unit 220. The springs may be strain
gauges, comprised in at least a part of the sensors.
[0112] The tool 130 may be moved with a moving ve-
locity vector V, 410, which is illustrated in Figure 4a. As
a result from the direction of moving the tool with velocity
V, 410, which is not directed in a direction tangential to
the surface 150 at the point where the tool touches the
surface, the basis force vector Dy 420 may be exerted
by the tool onto the surface in a direction perpendicular
to the surface, i.e. perpendicular to the tangential plane
of the surface at the point where the tool touches the
surface.

[0113] If the tool is moved forward while the surface is
inclining, the situation illustrated by Figure 4b will be
reached. Here, the moving velocity vector V410 has an
angle with respect to the direction tangential to the sur-
face which is different from that in Figure 4a. Hence, the
moving velocity vector V410 has a different component
in the direction perpendicular to the surface at the point
where the tool touches the surface. This different com-
ponent may have the effect that the tool 430 is pressed
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to the surface with an additional force component D, 440
normal to the surface, i.e. a deflection error force D, 440
may be added to the basis force Dy 420 by moving the
tool over the surface in a particular direction.

[0114] So, to keep the basis force at the desired level,
the moving velocity vector V, 410 may have to be
changed by a correction vector V 450 to result in a new
moving velocity vector Vi, 460, which may be determined
such that the deflection error force D4 vanishes. By re-
peatedly applying an appropriate correction vector V to
the respective moving velocity vector V,, the tool may be
moved over a surface with a variety of inclining and de-
clining areas, while the force exerted by the tool perpen-
dicular to the surface remains at the desired magnitude
Dy of the basis force.

[0115] In an embodiment of the invention, a model de-
scribing the surface to be treated may be stored in the
CNC machine. The model may be theoretical model
based on mathematical considerations. Based on the
model, a path for moving a tool over the surface may be
predetermined prior to actually working on the surface.
Alternatively or in addition, the model may be based on
data obtained from the sensor unit while the toolis moved
over the surface.

[0116] In particular embodiments, the tool may be a
hammer. The movement of the hammer may be based
on a predetermined path. The sensor unit 120 may have
the ability to sense the counteracting force experienced
by the hammer in the direction of the hammer strokes.
Corresponding signals are forwarded from the sensor
unit 120 to the sensor unit control 170. From this infor-
mation, the CNC machine may determine the magnitude
of the force exerted in the direction of the hammer
strokes. In particular, the CNC machine may determine
whether the force exerted in the direction of the hammer
strokes between the hammer strokes is, within a toler-
ance limit, as high as a desired basis force. To change
the force in the direction of the hammer strokes, the CNC
machine may change the amount of the velocity and/or
the direction of movement of the hammer such that the
desired magnitude of the basis force is reached within a
given tolerance range. This may be achieved by adapting
the amount and/or direction of the driving velocity to get
rid of a deflection error force as described above. By do-
ing this, the CNC machine may deviate from the prede-
termined path to ensure that a basis force within a toler-
ancerange, in particular, a constant basis force is exerted
by the hammer onto the surface between two hammer
strokes. In the same way, itmay be ensured that the force
with which the hammer strikes to the surface remains at
a desired force level for all hammer strokes during treat-
ing the surface.

[0117] Ifthe direction of movement of the hammer over
the surface is not perpendicular to the direction of the
hammer strokes, then the force exerted to move the ham-
mer over the surface has a component in the direction
of the hammer strokes. Accordingly, the force of the ham-
mer strokes may be adapted such that the magnitude of



17 EP 2 363 772 B1 18

aforce sum being the sum of the force by which the ham-
mer is driven and the force component, directed in the
direction of the hammer stroke, which is caused by mov-
ing the hammer over the surface, may be kept within a
predefined tolerance limit during working on the part.
[0118] To achieve this, the force by which the hammer
is driven, in particular, by an actuator, and/or the velocity
of movement and/or on the direction of movement of the
hammer over the surface may be determined such that
the magnitude of the force sum is kept within a predefined
tolerance range.

[0119] Alternatively, the force by which the hammer is
driven, in particular, by an actuator, and/or the velocity
of movement and/or the direction of movement of the
hammer over the surface may be determined such that
the magnitude of the force sum is kept within a predefined
tolerancerange. Alternatively, the componentof the force
sum which is perpendicular to the surface at the point
where the hammer is in contact with the surface may be
kept within a predefined tolerance range.

[0120] In this way, it may be ensured that, at the time
the hammer strikes to the surface, the force exerted on
the surface in the direction of the hammer stroke is kept
within a given tolerance range, or the force component
exerted on the surface in a direction perpendicular to the
surface at the point where the stroke hits is kept within a
given tolerance range.

[0121] A forming device with a tool being arranged to
direct a hammering impact effect of essentially ultrasonic
frequency at the surface of a workpiece is disclosed by
WO 2007/060284. Driving tools by ultrasonic sound is
discussed in "Michael Schneeweil’: "Entwicklung zur ul-
traschallunterstiitzten Bearbeitung - Zwei neue Projekte
am IfP". Furthermore, DE 102 43 415 A1 discloses a
method for generating internal compressive stress in the
surface of a part, where a similar device to that discussed
by Schneeweil} is used which performs impact to a sur-
face of a part with ultrasonic frequency.

[0122] Inanotherembodiment, the sensorunit220 has
the ability to sense the counteracting forces and deflec-
tions experienced by the hammer in three direction per-
pendicular to each other. Corresponding signals are for-
warded from the sensor unit 220 to the sensor control
unit 170. From this information, the CNC machine deter-
mines the angle between the direction of a hammer
stroke and the surface 150 of the part 140 to be treated.
Based on this angle, the force of the hammer stroke is
adjusted such that the component of that force which is
perpendicular to the surface is kept constant within a pre-
determined tolerance limit. Adjusting the force of the
hammer stroke may include adapting the force by which
the hammer is thrust down by the actuator and/or the
velocity of movement of the hammer and/or the direction
of movement of the hammer over the surface.

[0123] Alternatively or in addition, the force vector of
the hammer stroke may be adjusted by pivoting the ham-
mer. Pivoting the hammer may include pivoting an actu-
ator which drives the hammer. Then, the direction of the
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hammer stroke may be changed to a new direction in
which the hammer is guided by an actuator. In particular,
the hammer may be pivoted such that a hammer stroke
can be performed in a direction which is expected to be
perpendicular to the surface of a part to be treated at a
particular hammer stroke, in particular, at the next ham-
mer stroke which is to be performed. An angle by which
the hammer is pivoted may be based on the above-men-
tioned angle determined by the CNC machine between
the direction of a hammer stroke and the surface of the
part which is treated.

[0124] The direction of movement may be based on a
predetermined path which may be based on a mathe-
matical model of the surface 150 of the part 140 to be
treated. To adjust the force of the hammer stroke, in par-
ticular, by adapting the direction of velocity of movement
for that purpose, the path of the hammer may deviate
from the predetermined path.

[0125] The velocity and/or direction of movement of
the tool over the surface and/or the value of the treatment
parameter of the tool, in particular, the force by which a
hammer tool is thrust down, at locations along the path
of the tool may be stored, together with the coordinates
of locations of the tool along the path.

[0126] In particular embodiments, the CNC machine
my have access to a model of the surface. The model of
the surface may be a description of the shape of the sur-
face. The description may be based on mathematical ex-
pressions and/or on stored values. In particular, the mod-
el may be based on all or part of the above-mentioned
values stored together with coordinates of locations of
the tool along a path. The model may be predetermined,
or may be derived from measurement carried out while
the tool is moved over the surface.

[0127] If the CNC machine has access to a model of
the surface, once step (d) has been carried out, the CNC
machine may determine future expected locations of the
tool, based on the determined new direction and/or new
velocity and/or new path by employing the model.
[0128] Based on the model, the CNC machine may
determine expected treatment parameters correspond-
ing to expected future locations. In this way, the CNC
machine may determine treatment parameters corre-
sponding to locations on the surface where the tool is
expected to be localized in the future.

[0129] Thus, the CNC machine may realize a look
ahead functionality.

[0130] In particular, a CNC machine may determine
values for treatment parameters which are planned to be
applied after the CNC machine has carried out the meth-
od according to the invention several more times, in par-
ticular, more than one more time. Determining values for
treatment parameters may be based on a model of the
surface and/or on rules for treating the surface which are
available to the controller 160 of the CNC machine 110.
[0131] Rules for treating the surface may comprise
changing a sign if the inclination of the surface has
changed. Another treatment rule may comprise reducing
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a force of the treatment near a corner and/or an edge.
[0132] The CNC machine may provide an estimate of
the velocity and/or direction of movement and/or the val-
ue of the treatment parameter to be chosen at a future
expected location.

[0133] The CNC machine may provide, in particular,
an estimate of directions of movement to be chosen at
future locations of the tool. Moreover, the CNC machine
may, in particular, provide an estimate of the deviation
from a predetermined path, in particular, from a prede-
termined path which may be based on a predetermined
model.

[0134] Thislook ahead functionality may be particular-
ly useful in the proximity of geometry changes, i.e. in the
proximity of changes of angles between the hammer and
the surface, in particular, near sharp corners. In the prox-
imity of geometry changes, it may be particularly useful
to have an estimate at hand for the location where the
tool is expected to be moved to, as a small deviation of
the tool from a predetermined point may result in large
variations in the direction and velocity of movement as
well as with respect to treatment parameters according
to which the tool has to treat the surface at such locations.
[0135] In another embodiment, the sensor unit has the
ability to sense the counteracting forces and deflections
experienced by the tool in three direction perpendicular
to each other. The tool can also move in at least three
directions perpendicular to each other. The CNC ma-
chine initially does not have any information about the
geometry of the surface to be treated. However, an initial
direction of movement may be given as well as a closed
borderline around an initial position of the tool, where the
borderline limits the area where the tool may be moved
in. The borderline may be described by a mathematical
equation, or may be given by limits for coordinates of the
tool. If the tool is moved to the borderline, then the direc-
tion of movement of the hammer may be inverted and
the hammer may be displaced such that the tool, when
being moved away from the borderline, follows a path
which may be parallel and in a defined distance to the
path where the tool has been moved towards the border-
line. The displacement of the tool may be in the direction
of the borderline, or perpendicular to the borderline. Fol-
lowing this method, a part of the surface which is sur-
rounded by the borderline can be treated while no model
of the surface is required prior to treating the surface,
thus saving the time of programming the model of the
surface as well as of establishing a predetermined path
for moving the tool. The coordinates along a path of the
tool 130 which has been determined while moving the
tool 130 over the surface based on sensor data may be
used as basis for a model of the actual surface 150 of
the part 140.

[0136] In this embodiment, when the tool is moved
back from the borderline, the tool may be moved along
apathwhichis close, in particular, parallel to a path where
it has already been moved along on its way to the bor-
derline. Hence, data for velocity and/or direction of move-
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ment and/or data for the force by which the tool is thrust
down may be stored by the CNC machine for positions
of the hammer along the path to the borderline, in par-
ticular, for the whole path between two times of reaching
the borderline. When the tool is moved on its way back
from the borderline, then the CNC machine may use the
data of a path to the borderline stored before for deter-
mining the new path. Data of positions of the tool for every
path from borderline to borderline may be stored. The
stored data may be used as a basis for a model of the
actual surface.

[0137] So, a CNC machine performing a method ac-
cording to the invention may perform treating edges
and/or corners by determining expected treatment pa-
rameters for future expected locations even if no model
of the surface is available at the CNC machine prior to
working on the surface. At the end of treating the surface,
the entire area delimited by the borderline has been treat-
ed. Hence, a model of the actual shape of the surface in
the entire area may be available.

[0138] On a pathin an area where no associated data
is stored which may serve as a basis for a model, the
velocity of movement and/or the force by which the tool
is thrust down may be reduced for careful working on the
surface.

[0139] In one embodiment, the tool may not be in con-
tinuous contact with the surface 150 of the part 140 to
be treated. Instead, the tool is away from the surface by
a distance. In this case, the distance between the tool
and the surface is controlled by the CNC machine. The
distance between tool and surface may have to be large
enough to allow the tool to accelerate to a required thrust
velocity permitting the tool to touch the surface with a
desired force. An actuator may be used to accelerate the
tool and/or to apply force onto the surface. The optimum
distance for a correct acceleration and/or a correct force
applied to the surface may be dependent on the orienta-
tion of the surface 150 with respect to the tool 240.
[0140] The tool may be carried by an actuator which
may be attached to a sensor unit. The sensor unit may
comprise deflection sensors and/or force sensors which
are configured to sense deflections and/or forces applied
to the tool into three different directions which may be
perpendicular to each other. Figure 5 illustrates the ex-
emplary configuration of a hammer as the tool 530 hov-
ering over the surface 550 of a part 140 to be treated by
the hammer. The hammer is thrust down onto the surface
550 with a force 560 and accelerates into this direction.
Whenitreaches the surface 550, it experiences the coun-
teracting force 570 which is directed normal to the surface
at the touching point. The counteracting force 570 may
be, in general, not directed into the direction in which the
hammer thrusts down onto the surface. The direction of
the counteracting force 570 depends on the angle be-
tween the direction 560 in which the hammer thrusts onto
the surface and a tangential plane to the surface at the
point where the hammer touches the surface. The sensor
unit 220 measures the counteracting force and/or a de-
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flection applied to the hammer. The magnitude of the
counteracting force can be derived from the sensor out-
put by the CNC machine. Based on the magnitude of the
counteracting force 570, the CNC machine may adapt
the distance between the hammer 530 and the surface
550 such that the hammer has enough space left to ac-
celerate to strike the surface with the desired force. In
addition or instead, the force applied to the hammer 530
by the actuator may be varied in dependence on the mag-
nitude of the counteracting force.

[0141] Figure 6 illustrates the situation where an actu-
ator 660 is driven by an actuator control signal 620 indi-
cating the force exerted on a hammer 640 by the actuator
660 over time. The time is indicated along the x-axis 610
of the figure, and the y-axis of the figure indicates a force
615. The line 630 describes the force by which the ham-
mer 640 strikes the surface 650 after the time given on
the x-axis 610. The line 630 describes the force which is
theoretically applied if the stroke occurs under optimal
conditions, in particular, where the stroke hits perpendic-
ular to the surface 650 and where the hammer started at
an optimal distance from the surface.

[0142] The actual impact force 680 may be measured
by a sensor. Alternatively or in addition, the length of the
time interval 670 between the start of accelerating the
hammer 640 by the actuator 660 and its impact onto the
surface 650 may be a measure for the impact force 680.
Therefore, the CNC machine may control the length of
the time interval 670 to control the force being exerted
onto the surface 650. To achieve controlling the time in-
terval 670, the CNC machine may adapt the distance
between the actuator 660 and the surface 650 to vary
the time interval over which the hammer is accelerated
before the impact. To decrease the impact force 680, the
distance between the actuator 660 and the surface 650
may be reduced. In this way the correct impact force for
the actual surface orientation can be determined.
[0143] If the actuator 660 is operated with a frequency
of some hundreds of actuator cycles per second, then
some hundreds of time intervals 670 may be measured
per second. Within each actuator cycle, a time interval
670 and the impact force 680 will be determined.
[0144] By taking into account the impact force in three
different directions, in particular perpendicular to each
other, the angle between the direction of a hammer stroke
and the counteracting force exerted by the surface 650
may be derived. In this way, controlling the force applied
to the surface by moving the machining unit with the ham-
mer not in contact to the surface between hammer
strokes and monitoring the time interval 670 between
start of hammer acceleration and impact of the hammer
may lead to the same hammering actions as controlling
the force applied to the surface by moving the machining
unit with the hammer in contact to the surface and meas-
uring the forces and deflections exerted onto the hammer
by the surface, as has been described above.

[0145] To control the direction in which a force is ex-
erted to the surface 650, the hammer may be pivoted.
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Pivoting the hammer may include pivoting the actuator
660. The hammer may be pivoted by an angle which is
based on the above-mentioned angle between the direc-
tion of the hammer stroke and the counteracting force
exerted by the surface 650.

[0146] The embodiment where the tool is not in con-
tinuous contact to the surface, in particular, the embod-
iments illustrated by Figure 6, may also comprise a sen-
sor unit 220. The sensor unit may be attached to the
actuator unit in the same way as described above with
respect to Figure 2. The sensor unit 220 may also be
attached to the CNC machine 110 in the same way as
described above with respect to figure 2. The sensor unit
may be arranged like the examples described above, in
particular as discussed in connection with Figure 3.
[0147] In a particular embodiment, which is illustrated
by Figure 7, the tool 240 does not have continuous con-
tact to the surface 150, but is surrounded by a cylinder
710 which has contact with the surface 150. The cylinder
may exert only a minimal force, in particular, the weight
of the cylinder, to the surface. The purpose of the cylinder
is to maintain a minimum distance between the tool 240,
in particular, a hammer, and the surface 150 of the part
140 to be treated.

[0148] In this embodiment, the actuator unit 230 is ar-
ranged such that it keeps contact with the cylinder 710,
while the cylinder 710 keeps contact with the surface
150. The tool 240 is thrust towards the surface 150 by
the actuator unit 230. The tool 240 may or may not touch
the inner surface of the cylinder 710. By using the cylinder
710, it is possible that the actuator unit 230 may be
moved, together with the tool 240 mounted on the actu-
atorunit 230, over the surface 150 at a minimum distance
from the surface corresponding to the height of the cyl-
inder 710. In particular, the actuator unit 230 together
with the mounted tool 240 may be moved at a constant
distance from the surface corresponding to the height of
the cylinder 710 during the treatment of the surface.
[0149] The embodiments where the tool is surrounded
by a cylinder 710, in particular as illustrated by Figure 7,
may also comprise a sensor unit 220. The sensor unit
may be attached to the actuator unit in the same way as
described above with respect to Figure 2. The sensor
unit 220 may also be attached to the CNC machine 110
inthe same way as described above with respect to figure
2. The sensor unit may be arranged like the examples
described above, in particular as discussed in connection
with Figure 3.

[0150] In a further embodiment, the tool may be sur-
rounded by a cylinder 710 like in the embodiments de-
scribed with respect to Figure 7, but the tool, in particular,
a hammer, is moved over the surface of the part with
continuous contact to the surface. In this case, the em-
bodiment may also comprise a sensor unit 220. The sen-
sor unit may be attached to the actuator unitin the same
way as described above with respect to Figure 2. The
sensor unit 220 may also be attached to the CNC ma-
chine 110 in the same way as described above with re-



23 EP 2 363 772 B1 24

spect to figure 2. The sensor unit may be arranged like
the examples described above, in particular, as dis-
cussed in connection with Figure 3.

[0151] By applying the cylinder surrounding the tool,
the tool has protection against external influences. In ad-
dition, the cylinder may serve as support for the actuator
and/or the sensor unit.

[0152] The above-mentioned embodiments are to be
construed as exemplary only. Features of the above-
mentioned embodiments may be combined with each
other.

Claims

1. Method for moving a tool (240) of a CNC machine
over a surface (150) wherein the CNC machine is
provided with a sensor unit (220), comprising the
steps of:

(a) moving the tool (240) over the surface (150)
in a predetermined direction and/or along a pre-
determined path,

(b) treating the surface (150) by the tool (240)
in accordance with a predetermined value of a
treatment parameter,

(c) determining, by the sensor unit (220), a re-
sponse value indicating a response of the tool
(240) to treating the surface,

(d) determining a new direction and/or a new
path based on the response value, the method
being characterized in that, step (d) is based
on a model of the surface which is derived from
measurement carried out while the tool is moved
over the surface, and

the model is based on path data of the tool.

2. The method according to claim 1, wherein the model
is used to determine, in step (d), a direction and/or
a velocity and/or apath and/or a value for a treatment
parameter which is/are applied after the sequence
of steps (a) to (d) or of steps (a) and (b) has been
carried out one or more times subsequently to the
determination.

3. The method according to one of the preceding
claims, wherein, if the tool (240) has been moved to
orbeyond a predetermined borderline, the tool is dis-
placed by a predetermined distance and the new di-
rection is determined as the reverse of the previous
direction.

4. The method of one of the preceding claims, wherein
step (c) comprises providing, by the sensor unit
(220), data indicating a deflection of the tool and/or
indicating a force experienced by the tool (240) when
treating the surface, in particular, experienced in re-
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sponse to an impact of the tool to the surface.

5. The method according to one of the preceding
claims, wherein step (a) comprises moving the tool
with a predetermined velocity and step (d) comprises
determining a new velocity, and/or wherein step (d)
comprises determining a new value for the treatment
parameter.

6. The method according to one of the preceding
claims, wherein step (a) comprises, while moving
the tool (240), the tool is in contact with the surface
(150), or the tool is not in continuous contact to the
surface (150), in particular, the tool is at a fixed dis-
tance from the surface.

7. The method according to one of the preceding
claims, wherein the tool (240) is surrounded by a
cylinder that has contact to the surface (150).

8. The method according to one of the preceding
claims, wherein step (d) comprises keeping the force
which is applied to the surface (150) by the tool (240)
constant and/or within a predetermined tolerance
range.

9. The method according to one of the preceding
claims, wherein treating the surface (150) comprises
hammering onto the surface.

10. A CNC machine, which is configured to move a tool
(240) of a CNC machine over a surface (150), com-
prising:

a moving unit configured to move the tool (240)
in a predetermined direction and/ or along a pre-
determined path,

a treatment unit configured to treat the surface
(150) by the tool (240) in accordance with a pre-
determined value of a treatment parameter,

a sensor unit (220) configured to determine a
response value indicating a response of the tool
(240) to treating the surface (150),

a decision unit configured to determine a new
direction and/or a new path based on the re-
sponse value, the CNC machine being charac-
terized in that, the decision unit is configured
to determine the new direction and/or the new
path based on a model of the surface (150),
which is derived from measurement carried out
while the tool is moved over the surface, and
wherein the model is based on path data of the
tool.

11. The CNC machine according to claim 10, wherein
the moving unit is configured to move the tool with
apredetermined velocity and the decision unitis con-
figured to determine a new velocity, and/or wherein
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the decision unit is configured to determine a new
value for the treatment parameter.

A CNC machine controller configured to control a
CNC machine to carry out the method of one of
claims 1 -9.

Computer program product, comprising one or more
media readable by a CNC machine, carrying instruc-
tions thereon for performing the steps of the method
of one of claims 1 - 9 when run by the CNC machine.

Patentanspriiche

1.

Verfahren zum Bewegen eines Werkzeugs (240) ei-
ner CNC-Maschine tber eine Oberflache (150), wo-
bei die CNC-Maschine mit einer Sensor-Einheit
(220) versehen ist und das Verfahren die folgenden
Schritte umfasst:

a) Bewegen des Werkzeugs (240) Uber die
Oberflache (150) in einer vorgegebenen Rich-
tung und/oder auf einem vorgegebenen Weg,
b) Bearbeiten der Oberflaiche (150) mit dem
Werkzeug (240) entsprechend einem vorgege-
benen Wert eines Bearbeitungs-Parameters,
c) Bestimmen eines Reaktions-Wertes, der eine
Reaktion des Werkzeugs (240) auf Bearbeitung
der Oberflache anzeigt, mit der Sensor-Einheit
(220),

d) Bestimmen einer neuen Richtung und/oder
eines neuen Weges auf Basis des Reaktions-
Wertes,

wobei das Verfahren dadurch gekennzeichnet ist,
dass

Schritt d) auf einem Modell der Oberflache basiert,
das von einer Messung hergeleitet wird, die ausge-
fuhrt wird, wahrend das Werkzeug lber die Oberfla-
che bewegt wird, und

das Modell auf Weg-Daten des Werkzeugs basiert.

Verfahren nach Anspruch 1, wobei das Modell ver-
wendet wird, um in Schritt d) eine Richtung und/oder
eine Geschwindigkeit und/oder einen Weg und/oder
einen Wert fir einen Bearbeitungs-Parameter zu be-
stimmen, die/der/die angewendet wird/werden,
nachdem die Abfolge der Schritte a) bis d) oder der
Schritte a) und b) nach der Bestimmung ein- oder
mehrmalig ausgefihrt worden ist.

Verfahren nach einem der vorangehenden Ansprii-
che, wobei, wenn das Werkzeug (240) bis zu einer
vorgegebenen Grenze oder darliber hinaus bewegt
worden ist, das Werkzeug um eine vorgegebene
Strecke verschoben wird und die neue Richtung als
die zu der vorhergehenden Richtung umgekehrte
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bestimmt wird.

Verfahren nach einem der vorangehenden Anspri-
che, wobei Schrittc) umfasst, dass durch die Sensor-
Einheit (220) Daten bereitgestellt werden, die eine
Durchbiegung des Werkzeugs anzeigen und/oder
eine Kraft anzeigen, die beim Bearbeiten der Ober-
flache, insbesondere in Reaktion auf einen Auf-
schlag des Werkzeugs auf die Oberflache, auf das
Werkzeug (240) wirkt.

Verfahren nach einem der vorangehenden Anspri-
che, wobei Schritt a) umfasst, dass das Werkzeug
mit einer vorgegebenen Geschwindigkeit bewegt
wird, und Schritt d) umfasst, dass eine neue Ge-
schwindigkeit bestimmt wird, und/oder Schritt d) um-
fasst, dass ein neuer Wert fir den Bearbeitungs-Pa-
rameter bestimmt wird.

Verfahren nach einem der vorangehenden Anspri-
che, wobei Schritt a) umfasst, dass, wenn das Werk-
zeug (240) bewegt wird, das Werkzeug in Kontakt
mit der Oberflache (150) ist oder das Werkzeug nicht
in durchgehendem Kontakt mit der Oberflache (150)
ist, d. h., dass das Werkzeug in einem festen Ab-
stand zu der Oberflache ist.

Verfahren nach einem der vorangehenden Anspri-
che, wobei das Werkzeug (240) von einem Zylinder
umschlossen ist, der Kontakt zu der Oberflache
(150) hat.

Verfahren nach einem der vorangehenden Anspri-
che, wobei Schritt d) umfasst, dass die Kraft, die
durch das Werkzeug (240) auf die Oberflache (150)
ausgelbt wird, konstant und/oder innerhalb eines
vorgegebenen Toleranzbereiches gehalten wird.

Verfahren nach einem der vorangehenden Anspri-
che, wobei Bearbeiten der Oberflache (150) Hadm-
mern auf die Oberflache umfasst.

CNC-Maschine, die so ausgefihrt ist, dass sie ein
Werkzeug (240) einer CNC-Maschine uber eine
Oberflache (150) bewegt, wobei sie umfasst:

eine Bewegungs-Einheit, die so ausgefiihrt ist,
dass sie das Werkzeug (240) in einer vorgege-
benen Richtung und/oder auf einem vorgege-
benen Weg bewegt,

eine Bearbeitungs-Einheit, die so ausgeflhrtist,
dass sie die Oberflache (150) entsprechend ei-
nem vorgegebenen Wert eines Bearbeitungs-
Parameters mit dem Werkzeug (240) bearbei-
tet,

eine Sensor-Einheit (220), die so ausgefiihrt ist,
dass sie einen Reaktions-Wert bestimmt, der ei-
ne Reaktion des Werkzeugs (240) auf Bearbei-
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tung der Oberflache (150) anzeigt,

eine Entscheidungs-Einheit, die so ausgefiihrt
ist, dass sie eine neue Richtung und/oder einen
neuen Weg auf Basis des Reaktions-Wertes be-
stimmt,

wobei die CNC-Maschine dadurch gekenn-
zeichnet ist, dass

die Entscheidungs-Einheit so ausgefiihrt ist,
dass sie die neue Richtung und/oder den neuen
Weg auf Basis eines Modells der Oberflache
(150) bestimmt, das von einer Messung herge-
leitet wird, die ausgefiihrt wird, wahrend das
Werkzeug Uber die Oberflache bewegt wird, und
wobei das Modell auf Weg-Daten des Werk-
zeugs basiert.

CNC-Maschine nach Anspruch 10, wobei die Bewe-
gungs-Einheit so ausgefiihrt ist, dass sie das Werk-
zeug mit einer vorgegebenen Geschwindigkeit be-
wegt, und die Entscheidungs-Einheit so ausgefiihrt
ist, dass sie eine neue Geschwindigkeit bestimmt,
und/oder wobei die Entscheidungs-Einheit so aus-
geflhrt ist, dass sie einen neuen Wert fir den Be-
handlungs-Parameter bestimmt.

Steuereinrichtung fiir eine CNC-Maschine, die so
ausgefiihrtist, dass sie eine CNC-Maschine so steu-
ert, dass sie das Verfahren nach einem der Anspri-
che 1-9 ausfiihrt.

Computerprogramm-Erzeugnis, das ein Medium
oder mehrere Medien umfasst, das/die von einer
CNC-Maschine gelesen werden kann/kénnen und
aufdem/denen Befehle zum Durchfiihren der Schrit-
te des Verfahrens nach einem der Anspriiche 1-9
beim Ausflihren durch die CNC- Maschine gespei-
chert sind.

Revendications

Procédé pour déplacer un outil (240) d’'une machine-
outil CNC sur une surface (150), dans lequel la ma-
chine-outil CNC est pourvue d’une unité capteur
(220), comprenant les étapes consistant a :

(a) déplacer I'outil (240) sur la surface (150)
dans une direction prédéterminée et/ou le long
d’une trajectoire prédéterminée,

(b) traiter la surface (150) par 'outil (240) con-
formément a une valeur prédéterminée d’un pa-
ramétre de traitement,

(c) déterminer, par I'unité capteur (220), une va-
leur de réponse indiquant une réponse de l'outil
(240) au traitement de la surface,

(d) déterminer une nouvelle direction et/ou une
nouvelle trajectoire sur la base de la valeur de
réponse,
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le projet étant caractérisé en ce que

I'étape (d) est basée sur un modele de la surface qui
est dérivé de mesures réalisées pendant que l'outil
se déplace sur la surface, et

le modéle est basé sur des données de trajectoire
de loutil.

Procédé selon la revendication 1, dans lequel le mo-
dele est utilisé pour déterminer, dans I'étape (d), une
direction et/ou une vitesse et/ou une trajectoire et/ou
une valeur pour un parameétre de traitement qui
est/sont appliquée/s apres que la séquence des éta-
pes (a) a (d) ou des étapes (a) et (b) a été exécutée
une fois ou plusieurs fois aprées la détermination.

Procédé selon I'une des revendications précéden-
tes, dans lequel, si l'outil (240) a bougé vers une
limite prédéterminée ou au-dela de cette limite, I'outil
est déplacé d’une distance prédéterminée et la nou-
velle direction est déterminée comme étant l'inverse
de la direction précédente.

Procédé selon I'une des revendications précéden-
tes, dans lequel I'étape (c) comprend la fourniture
par I'unité capteur (220) de données indiquant une
déviation de l'outil et/ou indiquant une force subie
par 'outil (240) lorsqu'’il traite la surface, notamment
subie enréponse a unimpact de I'outil sur la surface.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel I'étape (a) comprend le dé-
placement de I'outil a une vitesse prédéterminée et
I'étape (d) comprend la détermination d’'une nouvelle
vitesse et/ou dans lequel I'étape (d) comprend la dé-
termination d’'une nouvelle valeur pour le parameétre
de traitement.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel I'étape (a) comprend, pen-
dant le déplacement de l'outil (240), le contact de
I'outil avec la surface (150) ou I'absence de contact
continu de l'outil avec la surface (150), notamment
le placement de I'outil a une distance fixe de la sur-
face.

Procédé selon 'une quelconque des revendications
précédentes, danslequelI'outil (240) est entouré par
un cylindre qui est en contact avec la surface (150).

Procédé selon 'une quelconque des revendications
précédentes, dans lequel I'étape (d) comprend le
maintien de la force qui est appliquée sur la surface
(150) parI'outil (240) constante et/ou dans une plage
de tolérance prédéterminée.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel le traitement de la surface
(150) comprend un martelage de la surface.
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Machine-outil CNC, configurée pour déplacer un
outil (240) d’'une machine-outil CNC sur une surface
(150), comprenant :

une unité de déplacement configurée pour dé-
placer I'outil (240) dans une direction prédéter-
minée et/ou le long d’'une trajectoire prédéter-
minée,

une unité de traitement configurée pour traiter
la surface (150) par l'outil (240) conformément
a une valeur prédéterminée d’un parameétre de
traitement,

une unité capteur (220) configurée pour déter-
miner une valeur de réponse indiquant une ré-
ponse de I'outil (240) au traitement de la surface
(150),

une unité de décision configurée pour détermi-
ner une nouvelle direction et/ou une nouvelle
trajectoire sur la base de la valeur de réponse,
la machine-outil CNC étant caractérisée en ce
que

'unité de décision est configurée pour détermi-
ner la nouvelle direction et/ou la nouvelle trajec-
toire sur la base d’'un modéle de la surface (150)
quiestdérivé de mesures réalisées pendantque
I'outil se déplace sur la surface, et

dans lequel le modéle est basé sur des données
de trajectoire de l'outil.

Machine-outil CNC selon la revendication 10, dans
laquelle I'unité de déplacement est configurée pour
déplacer I'outil a une vitesse prédéterminée et l'unité
de décision est configurée pour déterminer une nou-
velle vitesse, et/ou dans laquelle I'unité de décision
est configurée pour déterminer une nouvelle valeur
pour le paramétre de traitement.

Contréleur de machine-outil CNC configuré pour
contréler une machine-outil CNC pour exécuter le
procédé selon l'une des revendications 1-9.

Produit programme d’ordinateur comprenant un ou
plusieurs supports lisibles par une machine-outil
CNC, porteurs d’instructions pour exécuter les éta-
pes du procédé selon I'une des revendications 1-9
lors d’'une mise en oeuvre par la machine-outil CNC.
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